Background: Systematic Literature Reviews (SLRs) have been gaining significant attention from Software Engineering (SE) researchers since 2004. Several researches have also working on improving the scientific and technological infrastructure available to support SLRs in SE.
Introduction
Systematic Literature Reviews (SLRs) have been gaining significant attention from Software Engineering (SE) researchers since 2004 [9] . There have been dozens of SLRs conducted and reported on varying research topics in SE [13] . One critical step in applying this methodology is to design and execute appropriate and effective search strategy in order to find the majority of relevant studies on a restricted topic for evidence aggregation. In practice, this is a quite time-consuming and error-prone activity, which needs to be carefully planned and implemented.
The SLR guidelines [8] introduce and explain two literature search methods, i.e. manual and automated search. However, the guidelines do not provide concrete practical instructions or suggestions about how to choose or integrate these search methods to maximize the capture of relevant studies, specifically how to select search venues and design search queries, and further how to evaluate a search strategy for a particular research topic. In SE, there still exists a lack of systematic and rigorous approach to designing, executing, and evaluating a suitable search strategy for optimally retrieving the target literature from digital libraries.
In [13] , we devised a systematic literature search process based on our experiences with and observations of SLRs in SE, as well as the knowledge of SLR methodology in other disciplines, particularly medicine. This process suggests a Quasi-Gold Standard (QGS) based search strategy that integrates manual and automated search, and provides performance evaluation of search query. Two participantobserver case studies were conducted for methodology evaluation [14] . However, the suggested search process needs further unbiased evaluation by applying it in the real SLRs being performed by other SE researchers.
This paper reports a dual-case study that investigates the independent use of the QGS-based search process in two SLRs in SE. This study enables us to answer the following research questions in the real settings:
RQ1 Compared to an ad hoc search design, to what extend does a systematic search process influence the capture of relevant studies in an SE SLR?
RQ2 Compared to an ad hoc search design, to what extend does a systematic search process consume the effort into literature search in an SE SLR?
RQ3 Is an integrated search strategy necessary in an SE SLR? Does it perform better than manual or automated search alone?
This case study is composed of two carefully designed and executed cases, each of which includes two observations of SE literature search for the same SLR but using and not using the QGS-based search process. The results from these cases confirm the positive impacts of the search process in terms of search sensitivity and precision, and also show individual's difference in search implementation.
Related Work
Systematic literature reviewers in SE are aware of the importance of literature search, and regard it as one of the most challenging activities in SLR [1] . Some researches have discussed the issues related to literature search in SE. Brereton et al. identified several issues of electronic search derived from their experience in conducting SLRs [2] . For instance, researchers must select and justify a search strategy that is appropriate for their research questions; primary studies could not be retrieved from single source, etc.
In [4] , Dieste et al. investigated the optimal search strategies using the combination of alternative search strings for automated search in SLR. Nevertheless, the 'gold standard' used to calculate sensitivity was established from the studies already identified in another SLR [10] . Such a 'gold standard' in most cases is impossible to be accessed by researchers prior to conducting SLRs.
Kitchenham et al. reported an participant-observer case study [7] that investigated several factors for the search in SLRs: search breadth, gray literature and performance of manual and automated search. The results support a restricted manual search targeting an appropriate set of venues may help to avoid the omission of good quality papers.
As an alternative to search engine based search strategy, reference list based search strategy can be another option for retrieving relevant studies. This strategy is based on the concepts of co-citation and bibliographic coupling [11] . However, as most of the major digital libraries in SE are not designed for supporting this kind of search, it is very time-consuming to manually retrieve studies from reference list. Thus this search approach is not yet practical enough at present in software engineering, but is suggested as a supplementary source for a full SLR in [8] .
Although the above studies discussed a number of aspects of literature search for SLRs, to the authors' knowledge, there is still a lack of a rigorous and practical search solution in SE research. In [13] , we devised a systematic Figure 1 . Sensitivity, precision, gold standard literature search process (cf. Section 3). The case study reported in this paper aims to further independently validate the effectiveness and efficiency of this process.
A Systematic Search Process
Based on our experience and observations of SLRs in SE, as well as reference to SLRs in other disciplines (e.g., medicine), we devised an effective search strategy which integrates both manual and automated search, and previously reported a systematic, rigorous, but also practical literature search process in SE. This section briefs this search approach, more detail can be found in [13] .
Preliminaries: Metrics and Concepts
Sensitivity and precision are two important metrics borrowed from SLRs in medicine that can be used for evaluating the quality and efficiency of a search strategy. Sensitivity for a given topic is defined as the proportion of relevant studies retrieved for that topic, and precision is the proportion of retrieved articles that are relevant studies. Figure 1 shows different search strategies within search universe and their relations with gold standard (see below).
In automated search, given search strings, the selected digital library retrieves a certain amount of results (studies). Then the sensitivity and precision corresponding to the search strings and library can be calculated as:
N umber of relevant studies retrieved T otal number of relevant studies 100% (1)
P recision = N umber of relevant studies retrieved N umber of articles retrieved 100% (2) Gold Standard represents, as accurately as possible, the known set of identified primary studies in a collection according to the definition of research questions in an SLR. Gold standard normally plays two distinct roles in the evaluation framework: it is assumed to be truth in appraising the sensitivity of a search strategy; it is also a source of training samples for refining search strings. This concept has been applied for improving literature search in SLRs in other disciplines, such as in medical and clinical research [3] . A highly sensitive search strategy will retrieve most of the studies in gold standard, but may also retrieve many unwanted articles (Figure 1) . A highly precise search strategy will retrieve only a small portion of irrelevant articles, but may miss a large number of papers in gold standard.
Quasi-Gold Standard (QGS) is a set of known studies from key venues, e.g., domain-specific proceedings and journals recognized by the community in the subject, for a given time span. Note that compared to a gold standard, a 'quasi-gold standard' is venue-specific (where) and timespecific (when). In other words, a 'quasi-gold standard' can be regarded as a 'gold standard' in the conditions where these constraints apply.
Integrated Search Strategy here differs from a combined search in common. Both of the search strategies apply manual and automated search in a single SLR. However, a combined search defines the search protocol for manual and automated search respectively, and then simply combines the studies found in them; whereas, in an integrated search the results from one search method will further be used for the design/evaluation of another search method. In practice, it is difficult to separate protocol development and search implementation in an integrated search. According to our observations in SE [13] , almost all of the SLRs in SE using the both methods adopted a combined search strategy.
QGS-Based Search Process
The QGS-based search process starts with identifying venues for manual search and libraries (databases) for automated search. The QGS is established by performing manual search in the selected venues, and the identified studies are then grouped by their residing libraries.
Step 1: Identify related venues and libraries First, according to the research questions for an SLR in a particular topic in SE, the manual search starts at the domain-specific venues that consist of a collection of proceedings of the conferences specialized in that domain and major journals where the community often publishes their research. Next, the selection of digital libraries for automated search depends on the distribution of the above related venues across libraries, the coverage and overlapping among them, and their accessibility to the searchers. An optimum combination of both should cover a maximum number of venues with a minimum set of search portals (libraries), in other words, eliminate as much overlapping as possible.
Step 2: Establish QGS The manual search is conducted by screening all articles published in the selected venues (e.g., proceedings and journals), year by year, issue by issue, and paper by paper. Once the screening is done and agreement on the selection is reached, all the identified studies contribute to forming the QGS.
Step 3: Elicit search strings for query The search string for automated search can be defined in a subjective or an objective form based on the QGS. In subjective definition, like many previous SLRs using automated search, the reviewers can define their search strings based on their domain knowledge and past experiences. However, they can also consult QGS for their query (string) design, and later the strings chosen will be evaluated by QGS. In Objective elicitation, the QGS is used to elicit the recommended search string(s) using text mining. A frequency analysis of the studies (e.g., title-abstract-keyword) in QGS is undertaken followed by a statistical analysis of the most frequently occurring words or phrases, determining which terms would best distinguish relevant studies from irrelevant ones.
Step 4: Conduct automated search The search strings need to be coded by following the specific syntax and criteria of each library (portal), and sometimes the combination of search terms has to be split into simpler ones.
Step 5: Evaluate search performance This is an important step for securing the quality of automated search but was ignored by most of existing SLRs using automated search. Compared to precision, sensitivity becomes the top metric considered for search evaluation to avoid missing important studies. As the true gold standard for a subject is unknown, our search approach uses the quasi-gold standard to measure a quasi-sensitivity instead of the search universe ( Figure 1 ). Reviewers count the number of relevant studies retrieved by manual search (QGS) but also found in automated search (Step 4). Divided by the sample size of QGS, the 'quasi-sensitivity' can be calculated (100% or less).
The quasi-sensitivity needs to be compared against a rational threshold (75% for example) to finally determine if the performance of automated search is acceptable. In addition, precision is the other important criteria for evaluating search strategies, and a tradeoff is always being pursued between them in search strategies. For example, if 75% is chosen as the threshold for search string evaluation, then quasi-sensitivity ≥ 75%, then, move forward..., < 75%, then, go back to Step 3.
In [14] , we described two case studies implementing the QGS-based search process that replicated two existing SLRs in SE. Although the results show the positive impact of the process on search performance, there exist several limitations of those case studies:
• The implementation of the previous case studies involve the two researchers who devised the search process. There may exist the possibility of the researchers' own bias.
• For easy performance comparison, the two case studies replicated two previous SLRs in SE. However, the search strategy development in the case studies might be influenced by the reports of those SLRs.
• One previous case study replicated a tertiary study, which might not be a typical example representing the SLRs in SE. (It could be one limitation of Kitchenham et al.'s case study [7] as well)
• In the case studies, we investigated the impact of the suggested process on search performance but in terms of sensitivity only. Another important criterion -precision was not compared and discussed.
Research Methodology
In order to tackle the limitations of the participantobserver case studies in [14] , we chose an independent multiple-case design due to its underlying replication logic, which predicts either (a) similar results (a literal replication), or (b) contrasting results but for anticipatable reasons (a theoretical replication) [12] . A multiple-case design can serve the investigation of the conditions under which a particular phenomenon is likely to be found (literal replication) as well as the conditions when it is not likely to be found (theoretical replication). For (a), the selected real cases of SLRs have to focus on the topics in SE research and start at a similar time; for (b), these cases also have to be different in some aspects, e.g., participants' competencies, review topics and settings (team or geography).
An observation is the most basic element of any empirical endeavor [5] . A case under study may consists of a single observation, or provide more than one observation. At different level of analysis, case and observation are definable by reference to a particular proposition and a corresponding research [5] . As a literature search for an SLR is effort-consuming and the limited resources were available to us, our multiple-case study includes only two cases at this stage. This paper reports these two cases (C1 and C2), each of which is composed of two observations (O1 and O2) of literature search and selection for an SLR.
Case Study Proposition
Corresponding to the research questions (Section 1), we have three research propositions for this case study. P1 (Sensitivity): Given research questions, a systematic literature search (i.e., the QGS-based search in this paper) will identify more relevant studies than the results from an ad hoc search design.
P2 (Precision): Given an acceptable search sensitivity, a systematic literature search (i.e., the QGS-based search) will require less effort than the implementation of an ad hoc search design.
P3 (Strategy): An integrated search strategy will retrieve more relevant studies than a manual, automated or combined search strategy for an SLR.
With reference to the concepts of sensitivity and precision (Section 3), P1 and P2 can be interpreted as "for a particular SLR, a systematic literature search (the QGS-based search) will lead to higher sensitivity and precision compared to an ad hoc search design".
In addition, we also intended to observe the impact of a systematic search process on the researchers, at different research competency levels and with distinct research preferences, in this study.
Case Study Background
The case study employed two real SLRs in SE as cases, in which five major participants were involved. Here we disclose the individuals' identities because we found no reason why the anonymity is necessary on these cases.
• Investigators: He Zhang (Leader and Supervisor) and Muhammad Ali Babar.
• C1 Team: Juan Li (Principle Reviewer) and others.
• C2 Team: Xu Bai (Principle Reviewer) and others, Liguo Huang (Adviser).
The case study was planned by two researchers who devised the QGS-based search process for SLR [13] . The case study leader was responsible for developing the case study protocol, coordinating/supervising the two cases, answering the reviewers' questions relating to SLR methodology (in O1) and QGS-based search process (in O2), and analyzing the results.
The principle reviewer of C1 is an experienced researcher (associated professor), whose research interest is in requirements engineering. Some other researchers and students are also involved in some activities of this SLR, but not listed here.
The principle reviewer of C2 is a novice researcher (PhD student), but has nearly two years of experience in his research area -software process. His adviser supervises this SLR and provides him suggestions regarding domainspecific questions. The SLR also involves other research students in some activities.
Both of the cases had their plans for SLRs in their research domains prior to the plan of this case study. Table 1 compares the background of these two cases. 
Case Study Design
The case study was designed to examine the research propositions. Both cases were planned at the very early time of the planning review stage of their SLRs. Each case implemented two search protocols on the same research questions and by the same reviewers, but with (O2) and without (O1) the methodology intervention (i.e. the QGS-based search process). The resulting search performances were compared and analyzed afterward.
In order to imitate the search in real SLRs, at the beginning, the reviewers in both cases were not aware of the intended case study. They were given the SLR guidelines [8] , and allowed to seek any material (e.g., the published SLRs) when preparing their SLR knowledge. They then independently developed their original SLR protocol, which includes the search protocol for O1. They freely chose manual and/or automated search based on their preferences, as well as search venues and libraries based on their knowledge and adviser's suggestion (C2). If the automated search was selected, they were allowed to run multiple trials to refine the search strings, just like many other SLRs. However, they did not go for study selection step.
Once the protocols were finalized and archived, the reviewers were given the systematic (QGS-based) search process as the intervention, and asked to design their search protocols again but by following the suggested process (O2). During O2, the reviewers could choose either 'subjective' or 'objective' search string definition method. As the search string should be elicited from the results of manual search in O2, it is impossible to define the string prior to the implementation of the manual search. The reviewers in both cases performed the specified steps (Section 3) by manual search and automated search.
When O2 search finished, the reviewers were asked to implement their original search protocol (O1). Such a case study design serves to minimize the potential influence of search implementation on search design. Note that in the QGS-based search process, the automated search design depends on the results of manual search. Accordingly, it is impossible to separate the protocol design and implementation in O2. Since the search protocol of O1 had been clearly defined before O2, the potential influence from O2 search could be minimized. On the other hand, this design (the same reviewers performed two searches) helps to avoid the selection bias between different reviewers (like in [14] ). Table 2 shows the data we collected during both cases (C1 and C2) in order to address the research propositions.
Data Collection
Note that according to the case study design, no data were collected during the protocol development of O1 of each case, which minimizes the potential impact of the implementation of O1 on the search design of O2. A checklist of data to be collected was sent to the principle reviewers of both SLRs in the beginning of O2. They individually chose to record the data using word processor or spreadsheet.
Results
This section describes the two cases and the results from each observation embedded. Note that though we reported two observations individually in each case, in order to minimize the influence of O1 results on O2 design, the real implementation process of each case is as below.
Case One (C1)
C1 includes two literature searches (observations) in an SLR on requirements evolution. Although some other reviewers (researchers and students) were also working on study search and selection in this case, most decisions on exclusion were finally made by the principle reviewer.
Observation One (C1.O1)
The principle reviewer chose automated search only in the original search protocol, which includes three popular digital libraries in SE: IEEE Xplore, ACM Digital Library, and ISI Web of Knowledge. The time span of publications was set from 1994 to 2009.
The reviewers tried different queries in ISI WoK from the strings used in the others. Table 3 shows the five trials of the search strings used in O1. In order to reduce the amount of possible irrelevant studies, only the papers within the subject of 'computer science' and 'software engineering' were screened in each trial. Note that though the reviewer experienced even more trials, due to the page limit, here only the major refinements are shown in the table. Finally, Trial 3 and 5 were selected for O1 search implementation. The reviewers found 27 relevant studies in this observation in the end.
Observation Two (C1.O2)
First, in terms of the reviewers' knowledge and experience, International Requirements Engineering Conference (RE) and Requirements Engineering Journal (REJ) were selected as the domain-specific venues for the manual search. Table 4 shows the manual search results. The identified 27 studies were included in the QGS. Based on the QGS, the reviewer designed the search string in a subjective approach (cf. Section 3), and preset the threshold of quasi-sensitivity to 80%. Table 5 shows the refinements of the search string and the resulting search performances of each iteration.
The string became acceptable in terms of the overall quasi-sensitivity (93%) after four iterations. The reviewers further validated the string by searching another domainspecific venue -International Symposium on Requirements Engineering (ISRE, which was merged into RE since 2002). The search performance on ISRE is also acceptable using the final string (sensitivity:89% and precision:100%).
The studies in QGS were published through two publishers, IEEE and Springer. In addition, the reviewer included another two popular publishers in SE: Elsevier (ScienceDirect) and Wiley (InterScience). Finally, five digital libraries were used in automated search in O2 (shown in Table 5 ). Note that due to the coverage of the QGS, the search string evaluation is only valid for IEEE Xplore and SpringerLink.
The O2 automated search finally identified 129 relevant studies, 24 of which were already found in the manual search. The reviewers decided to exclude 7 short paper after discussion. By combining the results from two searches, O2 found 125 (129-7-24+27) relevant studies.
Case Two (C2)
C2 consists of two literature searches in an SLR on software process modeling. The reviewers (research students) screened all search results, and were allowed to receive their adviser's suggestions regarding the domain knowledge. Some difficulties in study selection could escalate to the adviser and external expert. This is a common solution in many novice (student) involved SLRs.
Observation One (C2.O1)
In addition to the SLR guidelines, the principle reviewer also consulted other reported SLRs on the relevant topics (e.g., [15] ) when preparing the review protocol. The original protocol chose manual search and automated search together as the search strategy to seek the relevant studies published by 2009. The reviewer intended to perform manual search in 10 publication venues (shown in the top of Table 7 ) and automated search through four digital libraries (shown in Table 6 ). The manual search scanned 12010 papers in total, and finally selected 244 papers as the primary studies after removing the duplicate publications. The automated search returned 3627 papers, and found 67 relevant studies. After removing the studies already found in the manual search, 30 studies were finally included. Unlike C1.O1, the reviewer did not record the trails when improving the search string in C2.O1. Overall, this observation identified 274 (244+30) relevant studies.
Observation Two (C2.O2)
After the protocol design of O1, the reviewers were given the QGS-based search process. By following the instructions, the reviewers sought and included four more domainspecific venues for O2 manual search with their adviser's agreement. Table 7 shows the 14 venues that are grouped by their publishers. As the manual search of O2 just introduced more venues than O1, the O2 manual search results (QGS) obviously include the studies through O1 manual search.
Note that in the manual search 1) ICSP 1 proceedings were published by different publishers, by IEEE from 1991 to 1996, then by Springer from 2007; 2) the QGS does not include the studies from PROSIM 2 as the proceedings are not retrievable through the major SE digital libraries. In terms of the QGS-based search process, the reviewers added one more digital library (Wiley InterScience), which is the publisher of two domain-specific journals (SPIP/JSME), for O2 automated search.
Different from C1, the C2 reviewers decided to elicit the keywords for search string design using the objective approach. The principle reviewer developed a Macro for MS Excel for analyzing word frequency. Table 9 shows the most commonly used keywords in the field of title-abstract of the studies in QGS with their frequencies. He then analyzed the logical relationships among the keywords, and used them to form the search strings that were later fed into the search engines.
The automated search went through three trials. Note that Wiley InterScience does not support the search in abstract-only. This limitation resulted in a large number of paper returned in the third trial (Table 8 ) by searching in abstract or full-text. To avoid the significant screening burden on the papers returned by Wiley, this library and the corresponding studies in QGS were not used to calculate the quasi-sensitivity of the third trial.
The reviewer tried to organize the terms in different ways (shown in Table 8 ) to maximize the recall of the studies in QGS. However, none of the proposed strings resulted in an accepted quasi-sensitivity (≥75%). The reviewers finally gave up because of the extra effort on the string evaluation. The further related discussion is given in Section 6.
In terms of the quasi-sensitivity (Table 8) , the search string for the first trial (52%) was selected for the formal automated search. This query found 171 relevant studies from 3086 results returned by the five digital libraries, in which 96 studies were already included in the QGS. In total, there are 347 (272+171-96) relevant studies found in the observation applying the QGS-based search process.
Discussion
The two cases followed the same search process, they showed viability of each instance though they focused on different SE research topics. The three propositions are tested by examining and comparing the sensitivity and precision of individual observations of each case. In order to compare the observations in the same case, we define a relatively comprehensive 'gold standard' is the combination of the included studies from both observations, which indicates a maximum number of relevant studies known after the observations (by removing the duplicates).
Sensitivity (P1)
Case 1. Comparing the relevant studies selected in C1.O1 and C1.O2, there are 12 identified studies found in O1 but not included in O2. Accordingly the size of the goldstandard of C1 becomes 137 (125+12). Table 10 compares the key performance metrics between two observations of C1. It is easy to identify the significant improvement of O2 in both sensitivity and precision. Particularly the search sensitivity increased more than four times in this case.
Case 2. As there is an obvious overlap between the venues of manual search in two observations, only the results found in C2.O1 and C2.O2 automated search were carefully compared. By excluding the studies included in each manual search, there were also 9 relevant studies from O1 not being covered by the O2 search. Therefore, the final 'gold standard' of C2 is composed of 356 (347+9) studies. Further, the overall sensitivity and precision can be calculated for each observation. Table 11 shows the performance comparison between the both observations. The sensitivity increased about 20% in C2. Although the improvement is not surprising like C1, it is still a convincing result. The comparison results between the both cases confirm P1, but the extend of improvement (compared to an ad hoc search design) on study recall varies case by case. The real impact may also relate to other factors, such as research topic, reviewer's experience with SLR, and so on.
Precision (P2)
Again, according to the comparison of search performance (Table 10 and Table 11 ), P2 is supported by the both cases as well. However, the improvements on precision are not so exciting like sensitivity. Especially, only 14% (0.25%/1.75%) increase was observed in C2.
Obviously, the review teams possessed quite different literature search principles when adopting the given search process in their SLRs. The C1 reviewers behaved with more concerns about their effort during the search, which is reflected by the much higher precision than C2. In contrast, the C2 reviewers strove for an exhaustive SLR as they could. One possible reason might be the difference in the main reviewers' competency level and their work intensity. The resulting difference in search performance of both cases shows that an effort-concerned style SLR is likely to benefit more from a systematic search process.
Strategy (P3)
Further looking into the word frequencies in C2.O2, both 'software' and 'process' were heavily used in the studies in QGS (Table 9 ). Simply combining them (software and process) will result in a high quasi-sensitivity (up to 81%). Obviously, on the other hand, the corresponding precision would become too low to accept. Hence, the other terms with high frequencies also need to be considered. For example, in terms of the frequency analysis (Table 9) , the search for (software and process and (model or simulation)) in either title or abstract may theoretically find up to 71% (81%*(49%+39%)) of studies in the QGS. For IEEE Xplore only, however, such a search will return 10,754 papers, which leads to an expensive (though not impossible for all researchers) screening task within the realistic context of most SLRs in SE. A more general string may further increase the burden in screening the results; and a more restricted string instead will decrease the possible sensitivity much lower than the expectation (e.g., 80% in C1).
This finding indicates that it is difficult (sometimes impossible) to find a desired search string for automated search with a high sensitivity and affordable precision on some topics in SE. Hence, manual search would be a valuable complement to the automated search in these cases. This is also another aspect that supports the Kitchenham et al.'s finding regarding the relationship of the two search methods [7] .
However, some research areas in software engineering, such as cost estimation, may lack their domain-specific publication channel. In such a situation, the researchers may include more important publication venues for SE in general (e.g., ICSE and TSE) in their manual search (like [6] ), and an automated search is often necessary to relieve the workload of a broad manual search.
Generally speaking, to avoid missing any important evidence, a search strategy combining manual and automated search methods is recommended to SE researchers when doing SLRs, which may support P3.
Threats to Validity
Internal Validity. Aiming to a relatively robust empirical study, we implemented a multiple-case study instead of a single-case study. Two cases were planned and executed in this study based on the resource available to us when planning the case study.
Some SLRs have reported that the study exclusion may take place in data extraction activity because the full-text of paper cannot be checked in the prior study screening, which means the sensitivity and precision might be related to other activities in an SLR. However, we believe the portion of the studies excluded in data extraction is much smaller compared to search and selection. These residual irrelevant studies are difficult to remove no matter whether or not a systematic search process is applied. Hence, their influence on the findings of this case study is quite limited.
As the interest of this case study focuses on the performance of searching and selecting relevant studies in SE, we did not replicate other activities of these SLRs in the cases. Actually, these SLRs are still at data synthesis and reporting review stages at the time of writing the paper.
External Validity. Our two cases observed the literature searches being performed by both experienced and novice researchers, which we believe are typical SLR practitioners in software engineering.
The C2 search case was mainly performed by novice researchers. Although they had consulted with the experienced researchers (adviser and external expert) in C2, most of the final decisions were made by the principle reviewer. With reference to the SLRs reported in SE, many were done in a team setting, where normally one to three researchers were responsible for study search and selection.
Compared to the SLRs reported in SE community by 2009, both SLRs for this dual-case study are relatively medium-to large-scaled SLRs. Though they were not intentionally selected, in order to test the performance of a systematic search process, other SLRs with fewer primary studies (no more than 100 studies for example) but more specific research questions need to be further examined.
Conclusion
Following up our previous research [14] , this paper reports a dual-case study on searching relevant studies for two real SLRs in SE. For each case, two observations were recorded in terms of using or not using a systematic (QGSbased) search process respectively. Although two cases vary in several aspects, e.g., research topic and questions, participant's competency level, and concerns in SLRs, the results from both cases confirm the positive impact of a systematic search process on SLR search performance in terms of sensitivity and precision.
An SLR relying on single search method (manual or automated) may miss some important or the majority of evidence in certain research topics in SE. The case study also justifies that an integrated search may help avoid the limitations of applying single search method.
We have investigated a systematic (QGS-based) literature search process using four cases, which all confirmed the positive impact on SLR search performance. We encourage the systematic literature reviewers in SE community to continuously experiment, validate, and improve the systematic search processes, and report their experiences.
